The subset of data used for these analyses has been cleaned and extracted from the larger, complete database of the 'Mpepu study'. This dataset is ready for sharing with interested researchers after going through the appropriate, and mandatory, regulatory procedures in accordance with Botswana National guidelines. Requests for data can be made by contacting Seeletso Mosweunyane (Head of Health Research Unit, Ministry of Health and Wellness, Botswana); email: <wb.vog@enaynuewsoms>.

Introduction {#sec006}
============

Hepatitis B virus (HBV) infection is a global health problem, with 257 million people estimated to be chronically infected \[[@pone.0237252.ref001]\]. HBV is responsible for 887,000 deaths per year, mostly from complications such as cirrhosis and hepatocellular carcinoma \[[@pone.0237252.ref001]\]. In Botswana, the prevalence of HBsAg in human immunodeficiency virus (HIV)-infected individuals was 9.3% \[[@pone.0237252.ref002]\], while the prevalence among HIV-infected pregnant women has been reported as 3.1% \[[@pone.0237252.ref003]\]. HIV/HBV co-infection is associated with high HBV viral loads and high hepatitis B envelope antigen (HBeAg) positivity with a rapid progression to cirrhosis \[[@pone.0237252.ref004]\].

In HBV endemic regions including sub-Saharan Africa, HBV infections may be transmitted vertically from mother to child, although most infections occur through horizontal transmission in early childhood \[[@pone.0237252.ref005]\]. These horizontal infections are more likely to lead to chronic infections, increasing the risk of end stage liver disease (ESLD) \[[@pone.0237252.ref005]\]. Globally, a meta-analysis study showed that 42.1% of the children born to HBsAg-positive mothers who did not receive HBV passive-active immunoprophylaxis acquired infection perinatally \[[@pone.0237252.ref006]\]. This figure was reduced to 2.9% among children who received the immunoprophylaxis, thereby highlighting the significant benefit of immunization \[[@pone.0237252.ref006]\]. Children become exposed to HIV in utero or via breast milk but may remain HIV-uninfected; however, there are limited data on the risk of HBV transmission via breastfeeding \[[@pone.0237252.ref007]\]. HBV vaccine response among children exposed to HIV has been reported to be less robust compared to children born to mothers without HIV. This places children exposed to HIV at a higher risk of HBV transmission in the presence of high viral DNA levels in HIV/HBV co-infected mothers \[[@pone.0237252.ref008]\].

Childhood HBV acquisition is prevented by the timely administration of the recombinant subunit vaccine to newborns \[[@pone.0237252.ref009]\]. Botswana adopted the World Health Organisation (WHO) recommendation in 2000 to administer a birth dose within 24 hours of birth followed by three additional doses given at 2, 3 and 4 months of life to prevent perinatal and early horizontal HBV transmission \[[@pone.0237252.ref010]\]. In 2015, Botswana reported a 95% national HBV vaccine coverage, but its timely administration coverage was 74% \[[@pone.0237252.ref009],[@pone.0237252.ref011]\].

Infant feeding guidelines by Botswana Ministry of Health and Wellness (MoHW) in 2011 recommended that women living with HIV use formula feeding for the first 6 months of life only when it was acceptable, feasible, affordable, sustainable and safe (AFASS) \[[@pone.0237252.ref012]\]. In instances where formula feeding was not AFASS, mothers living with HIV were recommended to breastfeed their infants \[[@pone.0237252.ref012]\].

To the best of our knowledge, data on HBV vaccine responses in children HIV exposed but uninfected in Botswana remain unknown. We sought to determine the prevalence of HBsAg positivity and vaccine response in 18 months old children HIV exposed but uninfected in Botswana.

Methods {#sec007}
=======

Study participants' {#sec008}
-------------------

This was a retrospective, cross-sectional study utilizing archived plasma samples from the Mpepu study conducted between 2011 and 2013 in Botswana. Residual plasma samples from the Mpepu study were stored at -80°C in an ultra-low freezer after completion of the study. The objective of the Mpepu study was to assess the efficacy and safety of infant cotrimoxazole versus placebo prophylaxis taken from 14--18 days through 15 months of life in children exposed to HIV \[[@pone.0237252.ref013]\]. In this study, samples were collected at enrollment (14--28 days after birth) to 18 months of life for children, and at delivery for the mothers. The study was conducted at Botswana Harvard AIDS Institute Partnership. Mothers provided written informed consent for participation in the Mpepu study, and for storage of residual samples. Ethical approval for the study was provided by the University of Botswana ethics review committee and the Health Research Development Committee of the Botswana MoHW (protocol \# 00547) for the Mpepu study and the sub-study. Archived plasma samples from children HIV exposed but uninfected and their mothers collected at 18 months and at delivery respectively were used for this study. The 18 months visit was chosen in order to measure anti-HBS titres after completion of HBV vaccine doses and to avoid quantifying passive maternal anti-HBS. Children HIV exposed but uninfected were defined as children without HIV who were born to mothers living with HIV.

HBV surface antigen and surface antibody screening {#sec009}
--------------------------------------------------

Plasma samples were tested for HBsAg using a Murex HBsAg Version 3 Enzyme Linked Immunosorbent Assay (ELISA) kit (Murex Biotech, Dartford, UK). Initially reactive samples were confirmed by repeat duplicate testing following the manufacturer's instructions. Anti-HBs titers were determined from children's samples using a Monolisa^™^ Anti-HBs PLUS ELISA kit (Bio-Rad, Hercules, CA, USA) following manufacturer's instructions. The Anti-HBs lower limit of detection (LoD) was 2.00 mIU/mL, and the upper LoD was 1,000 mIU/mL. Recent studies have used either the ≥10mIU/mL or ≥100mIU/mL thresholds for protective immunity, but for our study we have used both thresholds for analysis of anti-HBs titers. For the ≥10mIU/mL threshold, anti-HBs levels of \<10mIU/mL were considered inadequate whilst \>10 mIU/mL were considered protective \[[@pone.0237252.ref014]\]. For the ≥100mIU/mL threshold, anti-HBs levels \<10mIU/mL were classified as no protection, 10 mIU/mL- 100 mIU/mL anti-HBs levels were considered as partial immunity whilst anti-HBs titres of \>100 mIU/mL were classified as complete protection \[[@pone.0237252.ref015]\].

HBV viral load {#sec010}
--------------

HBV viral load was tested on HBsAg positive mothers samples collected at delivery, using COBAS^®^ AmpliPrep/COBAS^®^ TaqMan^®^ HBV Test, version 2.0 (Roche, Mannheim, Germany) with a lower LoD of 20 IU/mL.

DNA extraction {#sec011}
--------------

DNA was extracted from 200 μL of plasma samples using the QiAmp DNA extraction kit (QIAGEN, Hilden, Germany) according to the manufacturer's protocol with a final elution volume of 50 μL.

HBV genotyping {#sec012}
--------------

A 415 base pair fragment of the HBV surface gene was amplified using a semi-nested polymerase chain reaction (PCR) as previously described \[[@pone.0237252.ref002]\]. First round PCR used HBV 381 primer (`5′ - TGC GGC GTT TTA TCA TCT TCC T—3′`; nucleotide \[nt\] 381--402) and HBV 840 primer (`5′ - GTT TAA ATG TAT ACC CAA AGA C—3′`; nt 840--861), while the second round used HBV381 and HBV801 (`5′- CAG CGG CAT AAA GGG ACT CAA G—3’`; nt 801--822) primers. The reaction products of the nested PCR were visualized on a 1% agarose gel stained with ethidium bromide. The PCR products were purified using the QIAquick^®^ PCR purification kit (QIAGEN, Mannheim, Germany) according to manufacturer's specification with an elution volume of 30μL. Sequencing PCR was done using primers HBV 381 and HBV 801 and cleaned up using ZR DNA Sequencing Clean-up Kit^™^ (Zymo, Irvine, CA, USA). Sequencing was done using Big-dye sequencing chemistry on an ABI 3130xl sequencing machine according to the manufacturer's instructions.

Data analysis {#sec013}
-------------

Sequence chromatographs were edited using Sequencher version 5.0 \[[@pone.0237252.ref016]\] to generate consensus sequences, and sequence alignments were created in Clustal X 2.1 \[[@pone.0237252.ref017]\]. Sequences aligned and manually edited using BioEdit version 6.0 \[[@pone.0237252.ref018]\]. Genotypes and resistance mutations were determined using the Stanford database \[[@pone.0237252.ref019]\]. Genotypes were confirmed using the Geno2pheno \[[@pone.0237252.ref020]\], an online tool which determines the genotypes, resistance mutations and further provides sub-genotypes.

A phylogenetic tree was constructed using Bayesian Evolutionary Analysis by Sampling Trees BEAST v.1.10.4 \[[@pone.0237252.ref021]\] program with a chain length of 50,000,000 and sampling every 5,000 generations. The analysis utilized an uncorrelated relaxed clock, the Hasegawa, Kishino, and Yano (HKY) model, and the general time reversible model with gamma distributed rates of variation among sites and a proportion of invariable sites (GTR+G+I). Tracer v1.6 \[[@pone.0237252.ref021]\] was used to visualize results and confirm chain convergence. Every parameter had an effective sample size (ESS) \> 200, and Tree Annotator v1.7.5 \[[@pone.0237252.ref021]\] was utilized to choose the maximum clade credibility tree after a 10% burn-in. Posterior probabilities \> 90% were deemed statistically significant. A tree for sub-genotype A1 and genotype E sequences from this study and the respective GenBank references for the HBV surface region were constructed. The HBV surface region was used to determine the clustering of HBV strains from this study relative to other Botswana HBV sequences and few sequences from the rest of the world. HBV sequences were deposited into GenBank with accession numbers MN647947 --MN647951.

Results {#sec014}
=======

Samples from 304 children HIV exposed but uninfected were tested (154 females and 150 males). None of the children (0/304, 0%) had HBsAg detected.

Two hundred and twenty-nine (75%) of the 304 children had received a timely (within the first 24 hours) administration of the HBV birth vaccine, while 75 (25%) of 304 children had not received the vaccine timely ([Table 1](#pone.0237252.t001){ref-type="table"}). The mean birth weight was 2.92 kg (95% CI, 2.87--2.97).

10.1371/journal.pone.0237252.t001

###### Demographics for children exposed to HIV (n = 304).

![](pone.0237252.t001){#pone.0237252.t001g}

  Characteristic                         n (%)
  -------------------------------------- -------------
  **Administration of HBV birth dose**   
  Within 24 hours after birth            229 (75.3%)
  After 24 hours                         75 (24.7%)
  **Feeding method**                     
  Breast feeding only                    68 (22.4%)
  Formula feeding only                   235 (77.3%)
  Both breast feeding and formula        1 (0.3%)

Abbreviations: HBV, Hepatitis B virus.

The residual volume of plasma in 35 (11.5%) of 304 children samples was inadequate to measure anti-HBs titers, so only 269 samples were available for testing. The median anti-HBs titer in 269 children was 174 mIU/mL \[IQR: 70, 457\]. Assessment of vaccine antibody response in children, using ≥10mIU/mL as the threshold for protective immunity, showed that 3 (1.1%) of 269 (95% CI, 0.2%, 3.2%) children had an inadequate immune response (\<10 mIU/mL), while 266 (98.9%) of 269 (95% CI, 96.8%, 99.8%) had protective immunity. For children with anti-HBs titre of less than 10mIU/mL, 2 of 3 children had received a timely administration of the HBV birth dose, while 1 did not receive the HBV birth dose within the first 24 hours of birth. All children with anti-HBs titres of less than 10mIU/mL were male. However, for the ≥100 mIU/mL threshold, 170 (63.2%) of 269 children had anti-HBs titres of greater than 100 mIU/mL showing complete protection, 96 (35.7%) of 269 children had anti-HBs titers ranging between 10--100 mIU/mL showing partial immunity whilst 3 (1.1%) of 269 children had anti-HBs titers of \<10mIU/mL classified as no protection ([Fig 1](#pone.0237252.g001){ref-type="fig"}).

![Anti HBs titer ranges for children plasma samples.](pone.0237252.g001){#pone.0237252.g001}

We report a 1.74% (5/287) (95% CI, 0.6--4.0) prevalence of HBsAg in a cohort of mothers living with HIV with a mean age of 31.8 years (95% CI, 27.1--32.5) at delivery ([Table 2](#pone.0237252.t002){ref-type="table"}). The mothers had high CD4+ T-cell count (median 498 cells/μL) but low hemoglobulin and white blood cell count.

10.1371/journal.pone.0237252.t002

###### Demographics of mothers living with HIV.

![](pone.0237252.t002){#pone.0237252.t002g}

  Mean age (years) \[95% CI\]                                     31.8 \[31.1--32.5\]
  --------------------------------------------------------------- ---------------------
  **Delivery mean hemoglobulin count (cells/μL) \[95% CI\]**      10.9 \[10.7--11.1\]
  **Delivery median CD4+ count (cells/μL) \[IQR\]**               498 \[368--670\]
  **Delivery median white blood cell count (cells/μL) \[IQR\]**   9.0 \[7--12\]
  **Delivery median HIV viral load (IU/mL) \[IQR\]**              \<40 \[\<40--691\]

Abbreviations: HIV, human immunodeficiency virus; IQR, interquartile range.

All 287 mothers living with HIV received antiretroviral treatment (ART). [Table 3](#pone.0237252.t003){ref-type="table"} shows results of HBV DNA levels for HBsAg positive mothers. The ART regimen they received included lamivudine, emtricitabine, and tenofovir which all have anti-HBV activity. Three of the 5 HBsAg positive mothers had detectable HBV DNA.

10.1371/journal.pone.0237252.t003

###### Viral load and ART regimen for HBsAg positive women.

![](pone.0237252.t003){#pone.0237252.t003g}

  Sample ID   Viral load             ART regimen
  ----------- ---------------------- -------------------------------------------
  **1**       \<20 IU/mL             Lopinavir/ritonavir/zidovudine/lamivudine
  **2**       1.13 x 10^6^ IU/mL     Efavirenz/tenofovir/emtricitabine
  **3**       1.70 x 10^8^ IU/mL     Efavirenz/tenofovir/emtricitabine
  **4**       HBV DNA not detected   Nevirapine/emtricitabine/tenofovir
  **5**       HBV DNA not detected   Zidovudine

Abbreviations: HBV, hepatitis B virus; DNA, ART, antiretroviral therapy; HBsAg, hepatitis B surface antigen.

The phylogenetic tree for the five HBsAg positive mothers based on the 415bp portion of the HBsAg together with reference sequences is presented in [Fig 2](#pone.0237252.g002){ref-type="fig"}. Four of five sequences clustered with genotype A reference sequences, while one clustered with genotype E references.

![Phylogenetic tree for HBsAg positive mothers sequences (highlighted in red and green) compared to reference sequences (in black).](pone.0237252.g002){#pone.0237252.g002}

Discussion {#sec015}
==========

This is the first study investigating HBsAg prevalence among children HIV exposed but uninfected in Botswana. We report the absence of HBsAg positivity (0%) and relatively strong HBV vaccine responses in this cohort by 18 months of age. The results in this cohort reflect public health targets promoted by the WHO African Regional Committee in 2014 where countries were challenged to reduce chronic HBV infection incidence to \< 2% in children less than 5 years of age by 2020 \[[@pone.0237252.ref007]\].

The absence of HBsAg positivity in the children exposed to HIV cohort may be attributed to the low HBV prevalence in their mothers living with HIV as well as high HBV vaccine antibody titers in the children ([Fig 1](#pone.0237252.g001){ref-type="fig"}). For the ≥100 mIU/mL threshold, about 170 (63.2%) of 269 children had anti-HBs titres of more than 100 mIU/mL showing complete protection, 96 (35.7%) of 269 children had anti-HBs titers ranging between 10--100 mIU/mL showing partial immunity whilst 3 (1.1%) of 269 children had anti-HBs titers of \<10mIU/mL classified as no protection. All three children with anti-HBs titers of \<10mIU/mL were male which could suggest that sex-based immunological differences affected the dynamics of the immune response.

For the ≥10mIU/mL threshold, the majority of the children (98.9%) developed protective immunity, implying that the HBV vaccine given in infancy in Botswana is highly protective against chronic HBV infection. However, children with anti-HBs titres of less than 100mIU/mL may require an additional booster dose to achieve adequate immunity. A recent WHO report found that in Botswana, 94% of newborn infants complete the 3-dose schedule of HBV vaccination, while the timely hepatitis B birth dose vaccine coverage was 74% \[[@pone.0237252.ref011]\]. Timely administration of the hepatitis B birth dose for our study in 304 children exposed to HIV was 75% which is similar to the WHO estimates ([Table 1](#pone.0237252.t001){ref-type="table"}). This HBV vaccine prevents both vertical and horizontal transmission which can occur in the first 18 months of life when children become exposed to HBV due to interaction with HBV-infected people. The median anti-HBs titer in children was 174 mIU/mL \[Q1, Q3: 70, 457\] which was higher than both the thresholds for protective immunity (\>10 mIU/mL), and adequate protective immunity (\>100mIU/mL). In Malawi, a retrospective longitudinal study was conducted to assess immune response to HBV vaccine in children exposed to HIV, who had been vaccinated at 6, 10, and 14 weeks of age and to investigate the correlation between not receiving the HBV primary vaccine dose at birth and HBV infection acquisition \[[@pone.0237252.ref008]\]. Results from the study reported protective (≥10mIU/mL) anti-HBs levels in 54/58 (93.2%) children at 6 months, 126/144 (87.5%) at 12 months, and 141/176 (80.1%) children at 24 months \[[@pone.0237252.ref008]\]. These results indicated a limited impact of HIV exposure on HBV vaccine response despite the children not receiving the HBV vaccine birth dose.

The 1.74% HBsAg prevalence in mothers living with HIV was lower than the reported prevalence from previous studies in pregnant women living with HIV which was reported as 3.1--3.8% in Botswana \[[@pone.0237252.ref003],[@pone.0237252.ref022]\]. This may be because these mothers were treated with zidovudine (ZDV) and lamivudine (3TC) or tenofovir (TDF) and emtricitabine (FTC) containing ART regimens, which have anti-HBV activity ([Table 3](#pone.0237252.t003){ref-type="table"}). Among the 5 mothers living with HIV who tested positive for HBsAg, none of their children were HBsAg positive. One mother had a low HBV viral load (\<20 IU/mL), while 2 had no detectable HBV DNA. The two mothers who had high HBV viral load were on efavirenz / TDF / FTC which also has dual-drug activity against HBV. However, in both mothers the ART had been initiated only a week prior to the HBV viral load sampling, which may explain the lack of apparent HBV viral load suppression. The high HBV viral load may also be attributed to acute HBV infection though this was not determined. Genotyping results showed that 4 of 5 samples from mothers living with HIV had HBV genotype A1 which is associated with high risk of horizontal transmission, and 1 sample had genotype E ([Fig 2](#pone.0237252.g002){ref-type="fig"}) \[[@pone.0237252.ref023]\]. These genotypes have been previously reported in other studies conducted in Botswana \[[@pone.0237252.ref002],[@pone.0237252.ref003]\].

There were several limitations of this retrospective study. First, few children exposed to HIV were at risk for vertical HBV infection, as the HBsAg prevalence among their mothers as well as their HBV DNA levels were low. However, the risk for HBV infection at 18 months of age is not only from vertical transmissions but also from horizontal transmissions as the child has started interacting with other members of the family and playmates. Second, we did not test for occult HBV infection (i.e. negative HBsAg but positive HBV DNA infections) in children due to low volumes of the samples. This could have resulted in an underestimation of HBV infection and the long-term outcome of paediatric occult HBV infection is not well understood. Third, the HBV vaccination records of the children showed administration of the birth dose, there were no data on whether they completed all their doses which might have an effect on the HBV vaccine antibody titers.

Conclusion {#sec016}
==========

We report low HBV prevalence in mothers living with HIV and no cases of HBsAg positivity in 18 month-old children HIV exposed but uninfected in Botswana. Reassuringly, there was a high response to the HBV vaccine among children HIV exposed but uninfected in Botswana. Although a very small number of children failed to achieve protective levels of vaccine titers and might be at risk of HBV infection, these results demonstrate low risk and good vaccine protection among children exposed to HIV in Botswana, meeting the WHO-established targets for \< 2% paediatric HBV prevalence in the region. However, 35.7% of the children did not achieve complete protection so further studies on this group are warranted.

The authors would like to acknowledge Mpepu study participants.

10.1371/journal.pone.0237252.r001
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Introduction:

1\. Line 69: strike out "exposure"

"Exposure" in line 69 was removed. The sentence now reads: HIV-exposed but uninfected (HEU) children are exposed to HIV in utero or via breast milk but remain HIV-uninfected; however, there are limited data on the risk of HBV transmission via breastfeeding

Methods:

1\. Description of infant demographics in the study need to be included in methods or the result section.

Table 1 under the results section has been included. The table contains infant demographics among others sex, birth weight, administration of the birth dose and mode of feeding for the infants. The Mean birth weight was also added in line 177-178.

2\. Authors should describe method for classification of infants as HEU even if mentioned in the parent study.

Classification of children as HEU has been added in line 109. The sentence reads: HEU children were defined as HIV negative children who were born to HIV positive mothers.

3\. Line 90: mentions sample collection at 14-28 days after birth but HB titres were not measured at this time point -- need additional information why this was not done.

The reason why anti-HBs titers were not measured at this point was because we wanted to measure the titers after the infants had received all the HBV vaccine doses. In Botswana infants are vaccinated at birth, 2, and 4 months. However, we decided to test 18 months old samples to also avoid quantifying passive maternal antibodies and classifying them as vaccine antibody titers. The statement "The 18 months visit was chosen in order to measure anti-HBS titres after completion of HBV vaccine doses and to avoid quantifying passive maternal anti-HBS" was added in lines 107-108.

4\. Also, was there a reason for not measuring HB titres in mothers?

Infant vaccination in Botswana started in 2000 which is 20 years ago. However, the mean age of the mothers stands at 31.8 years which means majority of them are unlikely to have received the HBV vaccine hence the decision not to test for anti-HBs titers in the maternal samples.

5\. Re-phrase line 130-133, difficult to follow.

Lines 130-133, now line 141-146 were rephrased and now read: The PCR products were purified using the QIAquick® PCR purification kit (QIAGEN, Mannheim, Germany) according to manufacturer's specification with an elution volume of 30µL. Sequencing PCR was done using primers HBV 381 and HBV 801 and cleaned up using ZR DNA Sequencing Clean-up Kit™ (Zymo, Irvine, CA, USA).

6\. Consider rephrasing line 140.

Line 140, now line 152 was rephrased to: Genotypes and resistance mutations were determined using the Stanford database

7\. Line 154 "the whole surface region...surface open reading frame (ORF) was used... Do you mean surface region of HBsAg

"Whole surface region" and "surface open reading frame" were used to refer to the HBV surface region. They were rephrased to HBV surface region. The sentences now in line 166-169 now read: A tree for sub-genotype A1 and genotype E sequences from this study and the respective GenBank references for the HBV surface region were constructed. The HBV surface region was used to determine the clustering of HBV strains from this study relative to other Botswana HBV sequences and few sequences from the rest of the world.

Results:

1\. No demographic description included for the children -- give detail of median age at time of plasma sampling, did all infants receive all doses of the vaccine?

The study only included samples collected at 18 months, which has been highlighted in line 105-107. Unfortunately, information about whether the infants received all doses was not available, we only had information about administration of the HBV birth dose which has been included in table 1

2\. Line 164 - need a breakdown of when the infants received the vaccine -- would this had correlated with antibody levels?

Data about when the infants received doses given at 2, 3 and 4 months of life were not available from the parent study (Mpepu study). Only HBV birth dose information was available, provided in table 1. No correlation was found between timely administration of the HBV birth dose and antibody levels. Line 190-193 explains this: For the HEU children with anti-HBs titre of less than 10mIU/mL, 2 of 3 HEU children had received a timely administration of the HBV birth dose, while 1 did not receive the HBV birth dose within the first 24 hours of birth.

3\. Consider re-phrasing line 165-168 for clarity.

Line 165-168, now line 186-190 has been rephrased and now reads: Assessment of vaccine antibody response in HEU children, using ≥10mIU/mL as the threshold for protective immunity, showed that 3 (1.1%) of 269 (95% CI, 0.2%, 3. 2%) HEU children had an inadequate immune response (\<10 mIU/mL), while 266 (98.9%) of 269 (95% CI, 96.8%, 99.8%) had protective immunity.

4\. Line 171 -- The use of the word "about" is confusing, was 170 not the exact figure?

170 was the exact figure. The word "about" in line 194, previously line 171 has been removed. The sentence now reads: However, for the ≥100 mIU/mL threshold, 170 (63.2%) of 269 HEU children had anti-HBs titres of greater than 100 mIU/mL showing complete protection, 96 (35.7%) of 269 HEU children had anti-HBs titers ranging between 10-100 mIU/mL showing partial immunity whilst 3 (1.1%) of 269 HEU children had anti-HBs titers of \<10mIU/mL classified as no protection

5\. Was the range of antibody levels associated with timing of vaccination or collection of plasma samples? Are there any other maternal or infant factors associated with antibody levels e.g sex, maternal HIV viral load or CD4 levels?

The range of antibody levels was not associated with the timing of vaccination as explained in lines 190-193: For the HEU children with anti-HBs titre of less than 10mIU/mL, 2 of 3 HEU children had received a timely administration of the HBV birth dose, while 1 did not receive the HBV birth dose within the first 24 hours of birth.

The range of antibody levels could be associated with gender because all the 3 HEU children with anti-HBs titres of \<10mIU/mL were male. A sentence has now been added in line 193 which reads: All the HEU children with anti-HBs titers of less than 10mIU/mL were male.

6\. No mention of antibody level testing in maternal samples.

Infant vaccination in Botswana started in 2000 which is 20 years ago. However, the median age of the mothers stands at 31.8 years (table 2) which means majority of them are unlikely to have received the HBV vaccine so we decided not to test for anti-HBs titers in the maternal samples.

Discussion:

1\. Line 221: difficult to determine protection in the absence of exposure.

Line 221 refers to protection as per the widely used and acceptable threshold of ≥10mIU/mL which is thought to be enough to prevent HBV transmission. The children in this study were exposed to HBV both through vertical and horizontal transmission. Vertical transmission in the sense that 5 mothers tested positive for HBsAg but did not infect their children due to their positive immune response to the vaccine. Data on the mode of feeding show that 1 HBsAg positive mother had been breastfeeding her infant, but the infant tested negative for HBsAg.

2\. Line 226: missing the word "vaccine"

The word vaccine has been added to where appropriate in line 251, previously line 226. The sentence now reads: .A recent WHO report found that in Botswana, 94% of new-born infants complete the 3-dose schedule of HBV vaccination, while the timely hepatitis B birth dose vaccine coverage was 74%

3\. Line 228-230: missing reference

Line 251-253, previously line 228-230, was referring to demographics of our study samples which has now been included in table 1, not from the parent Mpepu study. The line has been rephrased and now reads: Timely administration of the hepatitis B birth dose for our study in 304 HEU children was 75% which is similar to the WHO estimates (table 1).

4\. Line 240: consider rephrasing to -- ".not receiving the HBV primary vaccine dose at birth"

Line 261, previously line 240, has been rephrased to include "not receiving the HBV primary vaccine dose at birth". The sentence now reads: In Malawi, a retrospective longitudinal study was conducted to assess the immune response to HBV vaccine in HIV-exposed children of unknown HIV status, who had been vaccinated at 6, 10, and 14 weeks of age and to investigate the correlation between not receiving the HBV primary vaccine dose at birth and HBV infection acquisition

5\. Line 243 Should be in the results section.

Line 267, previously line 243 has been moved from the discussion and now forms part of the results (line 202-204).

Minor issues

1\. "However" should be used to contrast preceding sentences or phrases and it's use in Line 29, 66 and 81 is a bit misleading.

The word "however" has been deleted from the text. Line 30 previously line 29 reads: To the best of our knowledge, since the introduction of HBV vaccination, there have been limited data for vaccine response to HBV and its impact on early childhood HBV infections among HIV exposed uninfected (HEU) children in Botswana. Line 66 reads: This figure was reduced to 2.9% among children who received the immunoprophylaxis, thereby highlighting the significant benefit of immunization. Line 87, previously line 81 reads: To the best of our knowledge, data on HBV vaccine responses in HEU children in Botswana remain unknown.

2\. Double check for punctuation following in text reference inserts.

Double checks for correct punctuation have been done and line 122-125 have been corrected.

3\. Line 172 -- preference of the use "greater than" instead of "more than"

"More than" has been removed from the sentence in line 195, previously line 172 and "greater than" has been added. The sentence now reads: However, for the ≥100 mIU/mL threshold, 170 (63.2%) of 269 HEU children had anti-HBs titres of greater than 100 mIU/mL showing complete protection, 96 (35.7%) of 269 HEU children had anti-HBs titers ranging between 10-100 mIU/mL showing partial immunity whilst 3 (1.1%) of 269 HEU children had anti-HBs titers of \<10mIU/mL classified as no protection

Reviewer \#2:

Intro:

Line 78: Will be helpful to mention the dosing (i.e. 6, 10 and 14week) of HBV vaccine

Also, might be important to mention the Botswana guideline as respect breast feeding among HIV infected mothers

Information on the dosing of the vaccine has been added. The sentence in line 76-79 now reads: Botswana adopted the World Health Organisation (WHO) recommendation in 2000 to administer a birth dose within 24 hours of birth followed by three additional doses given at 2, 3 and 4 months of life to prevent perinatal and early horizontal HBV transmission.

Data about Botswana infant feeding guidelines with respect to HIV positive mothers that were in place at the time of sampling (2011-2013) have been added in line 82-86. The sentences now read: Infant feeding guidelines by Botswana Ministry of Health and Wellness (MoHW) in 2011 recommended that HIV positive women use formula feeding for the ﬁrst 6 months of life only when it was acceptable, feasible, affordable, sustainable and safe (AFASS). In instances where formula feeding was not AFASS, HIV positive mothers were recommended to breastfeed their infants.

Method:

not clear how the samples were stored (i.e. storage condition of the samples). Information might be helpful to readers.

Information about storage conditions of the samples have been added. The sentence in line 93-95 now reads: Residual plasma samples from the Mpepu study were stored at -80℃ in an ultra-low freezer after completion of the study.

Result:

According to your analysis in line 162, two hundred and twenty nine (75%) had timely vaccination while 75 didn't (that give a total of 304 HEU). However, in line 165 to 168, you seem to analyse the data for 269 of the 304 HEU. So what about the other 35 HEU? It may be better to have a table to visual these key results rather than have them only in text.

During the study we encountered a problem of low volume samples for 35 of the infant samples. As a result, we did not have the required 75µl to measure anti-HBs titers in those samples. A sentence has been added in line 183-184 which reads: The residual volume of plasma in 35 (11.5%) of 304 HEU children samples was inadequate to measure anti-HBs titers, so only 269 samples were available for testing

Why median age of mothers and not mean? Were the data not normally distributed? Could you explain this?

Normal distribution has been checked in all the maternal demographics using the density histograms. Results show that only age and hgb data were normally distributed hence a change was made, in table 2, to use the mean instead of the median. Other parameters did not show normal distribution so median was used instead of the mean.

For infants, the density histogram did not show normal distribution in anti-HBs titres so the median was used. For the birth weight, the graph shows normal distribution so the mean was used instead of the median. A sentence has been added in line 177-178 which reads: The Mean birth weight was 2.92 kg (95% CI, 2.87- 2.97).

Despite being a retrospective study, it will be great to have some demographic information about the children: birth weight, feeding pattern (i.e. breast fed or formula fed) etc. Or at the least, reference the original published work that reported these information if available.

Table 1 under the results has been included. The table contains infant demographics among others sex, birth weight, administration of the birth dose and mode of feeding for the HEU infants.
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Most importantly, please follow the NIAID HIV Language Guide Dated February 2020, and refer to \"persons living with HIV\" instead of HIV-positive as well as \"Children HIV-exposed but uninfected\" etc.

The following changes have been made:

Title

Line 1-2: "HIV exposed" has been removed from the title and "children HIV exposed but uninfected" has been added. The title now reads "Hepatitis B virus prevalence and vaccine antibody titers in children HIV exposed but uninfected in Botswana"

Line 4-5: HIV positive has been removed from the short title and "children HIV exposed but uninfected" has been added. The short title now reads "HBV vaccine antibody titers in children HIV exposed but uninfected"

Abstract

Line 32: "HIV exposed but uninfected" has been removed from the sentence and "children HIV exposed but uninfected" has been added. The sentence now reads "To the best of our knowledge, since the introduction of HBV vaccination, there have been limited data for vaccine response to HBV and its impact on early childhood HBV infections among children HIV exposed but uninfected in Botswana."

Line 35-36: "HIV exposed but uninfected" has been removed from the sentence and "children exposed to HIV" has been added. The sentence now reads "To determine the prevalence of hepatitis B surface antigen (HBsAg) and HBV vaccine response in 18 months old children HIV exposed but uninfected in Botswana."

Line 37: "HEU" has been removed from the sentence. The sentence now reads "Stored plasma samples from 304 children at 18 months of age and 287 mothers from delivery were tested for HBsAg."

Line 40-41: "HEU children" has been removed from the sentence and "children exposed to HIV" has been added. The sentence now reads, "Plasma samples from children exposed to HIV were tested for hepatitis B surface antibody (anti-HBs) titers."

Line 42: "HEU" has been removed from the sentence. The sentence now reads, "No children (0 of 304) were positive for HBsAg at 18 months while 5 (1.74%) of 287 HIV-positive mothers were HBsAg positive."

Line 46: "HEU" has been removed from the sentence. The sentence now reads, "Three (1.1%) of 269 children had an inadequate vaccine response (\<10 mIU/mL), while 266 (98.9%) of 269 had protective immunity."

Line 48: "HEU" has been removed from the sentence. The sentence now reads, "However, when using the ≥100mIU/mL threshold, only 170 (63.2%) of 269 children had complete protection."

Line 49-50: "HEU children" has been removed from the sentence and "children HIV exposed but uninfected" has been added. "Were" has been changed to "was". The sentence now reads," No HBsAg positivity was identified in a cohort of children HIV exposed but uninfected."

Introduction

Line 69-70: "HEU children" has been removed from the sentence. The sentence now reads, "Some children exposed to HIV in utero or via breast milk may remain HIV-uninfected; however, there are limited data on the risk of HBV transmission via breastfeeding."

Line 71-73: "HEU" has been removed from the sentence and "exposed to HIV" has been added. "HIV negative" has been removed and replaced by "mothers without HIV". The sentence now reads, "HBV vaccine response among children exposed to HIV has been reported to be less robust compared to children born to mothers without HIV.

Line 73-74: "HEU" has been removed from the sentence and "exposed to HIV" has been added. The sentence now reads, "This places children exposed to HIV at a higher risk of HBV transmission in the presence of high viral DNA levels in HIV/HBV co-infected mothers."

Line 84: "HIV positive women" has been removed from the sentence and replaced with "women living with HIV". The sentence now reads, "Infant feeding guidelines by Botswana Ministry of Health and Wellness (MoHW) in 2011 recommended that women living with HIV use formula feeding for the ﬁrst 6 months of life only when it was acceptable, feasible, affordable, sustainable and safe (AFASS)."

Line 86-87: "HIV positive" has been removed from the sentence and replaced with "mothers living with HIV". The sentence now reads, "In instances where formula feeding was not AFASS, mothers living with HIV were recommended to breastfeed their infants."

Line 88-89: "HIV exposed but uninfected" has been removed from the sentence and "children HIV exposed but uninfected" has been added. The sentence now reads "To the best of our knowledge, data on HBV vaccine responses in children HIV exposed but uninfected in Botswana remain unknown."

Line 90-91: "HEU" has been removed from the sentence and "children HIV exposed but uninfected" has been added. The sentence now reads, "We sought to determine the prevalence of HBsAg positivity and vaccine response in 18 months old children HIV exposed but uninfected in Botswana."

Methods

Line 99: "HEU" has been removed from the sentence and "exposed to HIV" has been added. The sentence now reads, "The objective of the Mpepu study was to assess the efficacy and safety of infant cotrimoxazole versus placebo prophylaxis taken from 14-18 days through 15 months of life in children exposed to HIV"

Line 106-107: "HEU" has been removed from the sentence and "children HIV exposed but uninfected" has been added. The sentence now reads, "Archived plasma samples from children HIV exposed but uninfected and their mothers collected at 18 months and at delivery respectively were used for this study."

Line 110-112: "HEU" has been removed from the sentence and "children HIV exposed but uninfected" has been added. "HIV negative" has been removed from the sentence and replaced with "children without HIV". "HIV positive" has also been removed from the sentence and replaced with "mothers living with HIV". The sentence now reads, "Children HIV exposed but uninfected were defined as children without HIV who were born to mothers living with HIV."

Results

Line 173: "HEU" has been removed from the sentence and "children HIV exposed but uninfected" has been added. The sentence now reads, "Samples from 304 children HIV exposed but uninfected were tested (154 females and 150 males)."

Line 175-177: "HEU" has been removed from the sentence. The sentence now reads, "Two hundred and twenty-nine (75%) of the 304 children had received a timely (within the first 24 hours) administration of the HBV birth vaccine, while 75 (25%) of 304 children had not received the vaccine timely (Table1)."

Line 179: "HEU infant" has been removed from table 1 title and "for children exposed to HIV" has been added. The title for table 1 now reads, "Demographics for children exposed to HIV (n=304)"

Line 183: "HEU" has been removed from the sentence. The sentence now reads, "The residual volume of plasma in 35 (11.5%) of 304 children samples was inadequate to measure anti-HBs titers, so only 269 samples were available for testing."

Line 185: "HEU" has been removed from the sentence. The sentence now reads, "The median anti-HBs titer in 269 children was 174 mIU/mL \[IQR: 70, 457\]"

Line 186-189: "HEU" has been removed from the sentence. The sentence now reads, "Assessment of vaccine antibody response in children, using ≥10mIU/mL as the threshold for protective immunity, showed that 3 (1.1%) of 269 (95% CI, 0.2%, 3.2%) children had an inadequate immune response (\<10 mIU/mL), while 266 (98.9%) of 269 (95% CI, 96.8%, 99.8%) had protective immunity"

Line 189-192: "HEU" has been removed from the sentence. The sentence now reads, "For children with anti-HBs titre of less than 10mIU/mL, 2 of 3 children had received a timely administration of the HBV birth dose, while 1 did not receive the HBV birth dose within the first 24 hours of birth"

Line 191-192: "HEU" has been removed from the sentence. The sentence now reads, "All children with anti-HBs titres of less than 10mIU/mL were male."

Line 192-197: "HEU" has been removed from the sentence. The sentence now reads, ". However, for the ≥100 mIU/mL threshold, 170 (63.2%) of 269 children had anti-HBs titres of greater than 100 mIU/mL showing complete protection, 96 (35.7%) of 269 children had anti-HBs titers ranging between 10-100 mIU/mL showing partial immunity whilst 3 (1.1%) of 269 children had anti-HBs titers of \<10mIU/mL classified as no protection (Fig 1)."

Line 199: "HEU" has been removed from the figure 1 title. The title now reads, "Fig 1. Anti HBs titer ranges for children plasma samples"

Line 202: "HIV positive" has been removed from the sentence and replaced with "mothers living with HIV". The sentence now reads, "We report a 1.74% (5/287) (95% CI, 0.6- 4.0) prevalence of HBsAg in a cohort of mothers living with HIV with a mean age of 31.8 years (95% CI, 27.1- 32.5) at delivery (Table 2)."

Line 209: "HIV positive" has been removed from the title of table 2 and replaced with "mothers living with HIV". The title now reads, "Table 2. Demographics of mothers living with HIV\"

Line 211: "HIV positive" has been removed from the sentence and replaced with "mothers living with HIV". The sentence now reads, "All 287 mothers living with HIV received antiretroviral treatment (ART)."

Discussion

Line 227-228: "HEU" has been removed from the sentence and "children HIV exposed but uninfected" has been added. The sentence now reads, "This is the first study investigating HBsAg prevalence among children HIV exposed but uninfected in Botswana."

Line 228-230: "of HEU children" and "at 18 months" have been removed from the sentence. The sentence now reads, "We report the absence of HBsAg positivity (0%) and relatively strong HBV vaccine responses in this cohort by 18 months of age.

Line 231: "are" has been removed and replaced with "were" to correct the tense. The sentence now reads, "The results in this cohort reflect public health targets promoted by the WHO African Regional Committee in 2014 where countries were challenged to reduce chronic HBV infection incidence to \< 2% in children less than 5 years of age by 2020."

Line 234-236: Line 110-111: "HEU" has been removed from the sentence and "exposed to HIV" has been added. "HIV positive" has also been removed from the sentence and replaced with "mothers living with HIV". The sentence now reads, "The absence of HBsAg positivity in the children exposed to HIV cohort may be attributed to the low HBV prevalence in their mothers living with HIV as well as high HBV vaccine antibody titers in the children (Fig 1)"

Line 236-240: "HEU" has been removed from the sentence. The sentence now reads, "For the ≥100 mIU/mL threshold, 170 (63.2%) of 269 children had anti-HBs titres of greater than 100 mIU/mL showing complete protection, 96 (35.7%) of 269 children had anti-HBs titers ranging between 10-100 mIU/mL showing partial immunity whilst 3 (1.1%) of 269 children had anti-HBs titers of \<10mIU/mL classified as no protection."

Line 241: "HEU infants" has been removed from the sentence and replaced with "children". The sentence now reads, "All three children with anti-HBs titers of \<10mIU/mL were male which could suggest that sex based immunological differences affected the dynamics of the immune response."

Line 244: "HEU" has been removed from the sentence and replaced with "the". The sentence now reads, "For the ≥10mIU/mL threshold, the majority of the children (98.9%) developed protective immunity, implying that the HBV vaccine given in infancy in Botswana is highly protective against chronic HBV infection."

Line 246: "the HEU" has been removed from the sentence. The sentence now reads, "However, children with anti-HBs titres of less than 100mIU/mL may require an additional booster dose to achieve adequate immunity."

Line 251: "HEU" has been removed from the sentence and "exposed to HIV" has been added. The sentence now reads, "Timely administration of the hepatitis B birth dose for our study in 304 children exposed to HIV was 75% which is similar to the WHO estimates (Table 1)."

Line 258-259: "HEU" has been removed from the sentence and "exposed to HIV" has been added. "Of unknown HIV status" has also been removed from the sentence, The sentence now reads, "In Malawi, a retrospective longitudinal study was conducted to assess immune response to HBV vaccine in children exposed to HIV, who had been vaccinated at 6, 10, and 14 weeks of age and to investigate the correlation between not receiving the HBV primary vaccine dose at birth and HBV infection acquisition."

Line 266-268: "HIV positive" has been removed from the sentence and replaced with "mothers living with HIV". The sentence now reads, "The 1.74% HBsAg prevalence in mothers living with HIV was lower than the reported prevalence from previous studies in pregnant women living with HIV which was reported as 3.1-3.8% in Botswana"

Line 271: "HIV positive" has been removed from the sentence and replaced with "mothers living with HIV". The sentence now reads, "Among the 5 mothers living with HIV who tested positive for HBsAg, none of their children were HBsAg positive."

Line 278-279: "from mothers living with HIV" and "HBV" have been added to the sentence which now reads, "Genotyping results showed that 4 of 5 samples from mothers living with HIV had HBV genotype A1 which is associated with high risk of horizontal transmission, and 1 sample had genotype E"

Line 282-283: "HEU" has been removed from the sentence and "exposed to HIV" has been added. The sentence now reads, "First, few children exposed to HIV were at risk for vertical HBV infection, as the HBsAg prevalence among their mothers as well as their HBV DNA levels were low."

Line 291: "HEU" has been removed from the sentence. The sentence now reads, "Third, the HBV vaccination records of the children showed administration of the birth dose, there were no data on whether they completed all their doses which might have an effect on the HBV vaccine antibody titers."

Conclusion

Line 296-298: "HEU" has been removed from the sentence and "exposed to HIV" has been added. "HIV positive" has also been removed from the sentence and replaced with "mothers living with HIV". The sentence now reads, "We report low HBV prevalence in mothers living with HIV and no cases of HBsAg positivity in 18 month-old children exposed to HIV in Botswana."

Line 298-299: "the HEU" and "in this cohort" have been removed while "exposed to HIV" has been added. The sentence now reads, "Reassuringly, there was a high response to the HBV vaccine among children exposed to HIV in Botswana."

Line 302: "HEU" has been removed from the sentence and "exposed to HIV" has been added. The sentence now reads, "Although a very small number of children failed to achieve protective levels of vaccine titers and might be at risk of HBV infection, these results demonstrate low risk and good vaccine protection among children exposed to HIV in Botswana, meeting the WHO-established targets for \< 2% paediatric HBV prevalence in the region."

Line 304: "HEU" has been removed from the sentence. The sentence now reads," However, 35.7% of the children did not achieve complete protection so further studies on this group are warranted."

Additionally, Table 1 needs some editing. Also there is no need to specify both % male AND percent female unless there were some infants with unassigned sex at birth (i.e. that the % does not add up to 100).

Table 1 has been edited. Information about female percentages has been removed from table 1 because there were no infants with unassigned sex.

Finally, line 177: \"Mean\" should not be capitalised as its in the middle of a sentence, and new-born should not be hyphenated (line 247).

"Mean" in line 177 has been changed to "mean". This sentence now reads "The mean birth weight was 2.92 kg (95% CI, 2.87- 2.97)."

Hyphenation has been removed from the word "new-born" in line 248. The sentence now reads, "A recent WHO report found that in Botswana, 94% of newborn infants complete the 3-dose schedule of HBV vaccination, while the timely hepatitis B birth dose vaccine coverage was 74%."
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